It is not easy to define the exact border-line at which functional hyperthyroidism ends and exophthalmic goitre begins, but usually before the patient comes to the radiologist he or she has bepn for some time under the treatment or observation of a physician who, finding the symptoms either increasing or intractable, refers him or her to the radiologist with a view to X-ray or radium treatment. In this way it is not as a rule difficult in British radiological practice to recognize a case of true exophthalmic goitre.
iWe have not been able to discover or to think out any classification of this disease on a sound pathological or anatomical basis. We believe Section of Blectro-Therapeutics that at present there is none. So that for general purposes the rough and ready division into severe, medium and mild cases is all that can be attempted although there are a few patients who from the point of view of ray treatment can be put into a sub-group of their own. These will be mentioned later.
AETIOLOGY.
As the causation of the disease has an important bearing on its treatment and prognosis in relation to the ray treatment, we have divided the cases into the following groups from that standpoint, viz.:
(1) Cases which are the pathological continuation of a phvsiological process such as the pathological conditions following pregnancy and childbirth. These may overlap the next two classes.
(2) Cases following shock, which initiates the disease through the sympathetic nervous system. These may be subdivided into: (a) Those following a shock or strain which is mainly psychical. (b) Those following a shock or strain which is mainly physical. (c) Those in which shock accentuates or brings out a slight degree of exophthalmic goitre already existing. It is also probable that when patients are in a state of physiological hyperthyroidism they will respond excessively to sympathetic stimulation and thus the disease may become established. This may account for the greater prevalence of the disease in women, who as a rule have a regular increase of thyroid activity at the time of menstruation and pregnancy.
(3) Infective group-following pneumonia, influenza, fevers, pyorrhoea alveolaris, &c. Therefore when treating any case of exophthalmic goitre by radiation of the thyroid gland all the physician's armamentarium must be brought into play to eliminate sources of chronic infection, to diminish or mitigate the direct effect of shock and to provide as far as possible natural mental and physical rest. To do so makes the work of the radiologist easier and improves the prognosis of the case. THE TECHNIQUE OF X-RAY AND RADIUM TREATMENT.
(I) X-ray.
It is not necessary to describe in full the apparatus used and the technique employed by radiologists. All kinds of apparatus and different types of tubes appear to give equally good results in skilled hands.
The technique varies considerably, so we briefly describe here the methods adopted by us of irradiating the thyroid gland.
We endeavour to dose the whole of the gland and any accessory substernal thyroid at each treatment. In this way the thymus cervical sympathetic ganglia are included, although we do not attach much importance to this, having come to the conclusion that successful treatment depends largely on the thorough radiation of the thyroid gland. It is wise to consider the comfort of the patient, in combination with the accessibility of the area to be treated. This we think is best obtained in the supine position with the head and shoulders slightly raised. The head is turned to one side so that the whole of one lobe of the thyroid and a portion of the isthmus is exposed. A measured and filtered X-ray dose is given. The other lobe and portion of the isthmus is then treated in a similar way. The extension tube used is oval in shape and completely covers the lobe, reaching from just below the clavicle to a little above the upper pole of the gland. It is directed upwards and inwards. The distance of the anticathode from the skin surface is 10 in. By this method both lobes of the thyroid and the isthmus receive equal doses, the isthmus receiving half of the dose given to each lobe. The question of dosage and filtration must be decided by the radiologist according to the needs of the particular case. The dose given to each side of the thyroid, measured by Hampson's radiometer after filtration, is 3 H. With an alternative spark gap of 6 to 7 in. and the milliammeter registering 3 ma., the time taken is from nine to ten minutes. This dose is consistent with the preservation of the skin over a long period of treatment. The filters used are aluminium and felt, 1 mm. to 3 mm. of aluminium and three layers of felt.
The majority of the cases of which the statistics are given, received two treatments weekly for three to four weeks, then *the interval is lengthened and one treatment given weekly. As the case progresses the intervals are extended, first to fourteen days, then to twenty-one days, twenty-eight days, two months, three months and finally six months. When patients partially relapse, an event which happens in a good number of cases even whilst under treatment, the intervals are shortened until-satisfactory progress is obtained.
From the above description it follows that in this method the interval between treatments is an important factor. The dose given is approximately the same on each' occasion.
The cases should be kept under observation for some time after the disappearance of the symptoms. In this way relapses, if they occur, can be quickly dealt with, and apart from relapse, occasional doses, even one in six months, tend to preserve the perfect regulation of gland function, which after all is the aim of ray treatment. Most of the cases from which statistics are given have been under observation from two to five years. (II) Radium.
No novel nor original method of application is employed in the radium treatment of exophthalmic goitre. The great majority of these cases are irradiated by applving plates of radium or radium emanation to the skin over the enlarged gland. For all-round use plates of a strength of 2 5 mgr. of radium element or 2'5 millecuries of radium emanation to the square centimetre are the best. The size and number used varies with the degree of severity of the case and the size of the thyroid gland. Thirty to fifty mgr. are sufficient for a mild or ordinary case, but this is frequently increased when necessary to twice the amount-viz., 100 mgr. or mc.
The plate is screened by P5 to 2 mm. of lead and the secondary radiation is effectually stopped from injuring the skin by twenty-four to thirty-six layers of black photographic paper. The primary rays, however, have some direct action on the skin. There is no particular advantage in the use of lead except that it has a marked stopping action on the rays (perhaps a disadvantage after all). It is also cheap and malleable. But certainly silver, aluminium, gold or platinum of the requisite thickness could be just as well employed.
Each piece of apparatus is enclosed in good rubber sheeting and a piece of lint or wool may be put over the paper before the apparatus is made up in order to make it softer and more comfortable for the patient. Exposures of twenty-four hours are given every six weeks, the apparatus being fixed to the skin by adhesive strapping and bandage. Heavy treatments at long intervals (such a$ six weeks) are better than smaller ones more frequently given.
A careful watch must be kept on the condition of the patient's skin. If it appears at all red treatment should be postponed. Again after six to twelve months of regular treatment the interval may be lengthened if the patient is making satisfactory progress. After twelve months in any case, even if the skin appears healthy, it is best to miss a treatment1 now and again.
Looking at radium treatment of exophthalmic goitre from the general point of view the bigger the treatment that can be given at a time the better. One case will illhistrate this point. A young woman, aged 23, was admitted to the Manchester Royal Infirmary suffering from well-marked exophthalmic goitre. She had a pulse of 104, prominent exophthalmos, severe palpitation and a large bilateral swelling of the lobes of the thyroid gland. Two plates of radium emanation of the usual strength were fixed over the lateral lobes for twenty-four hours. By some accident the right plate only was screened by P5 mm. of lead. The left had no screen placed over it and was only protected by its brass base which was roughly equivalent to 0 5 mm. of lead. On the right side the reddening of the skin was slight, on the left a large ulcer formed which took two nmonths to heal. At the end of that period the right lobe was slightly reduced but the left was flat and no longer palpable. All the symptoms had distinctly diminished and the patient was able to return to household duties-i.e., after one treatment. The skin is thus seen to be the obstacle in the way of adequate dosage unless the slow and probably less satisfactory method already described is adopted. This raises the question of the treatment of exophthalmic goitre by burying tubes of radium in the gland. It has the obvious disadvantage of being a surgical procedure, terrifying to a patient already in a state of chronic fear, but the scar at the point of introduction is practically invisible and the skin is saved. This procedure has been adopted twice by one of us at Manchester, but two cases are not enough upon which to base opinions, or sufficient in number to establish a guide to dosage. One patient left the infirmary three weeks later rather im-proved, but did not again attend for examination. The other was decidedly better for the treatment but not perfectly well and treatment was continued with plates. It is probable that the dosage was not sufficiently large, because too big a dose could not be given to the very first patient, In any case it is satisfactory and helpful to know that neither of them died.
Telangiectases are liable to appear anywhere, and the occurrence of areas of pigmentation is even more difficult to foretell or to prevent, but speaking generally they follow what is an overdose in relation to the skin. If care is taken not to treat an area in which some signs of reaction persist, or in any case to drop a treatment now and again after six to twelve months, they will be reduced to a minimum. So long as ulceration is avoided it is, a nice point how far the skin should be considered in giving adequate treatment to a thyroid gland. Con-siderable judgment and experience are necessary to balance these factors satisfactorily.
The great advantage of radium is its quietness and portability. It does not frighten, and can be carried to the bed of the sick patient. Patients can also have emanation plates applied to their necks, go home with them on, and return for their removal the next day. In addition to this, the long interval of six weeks between treatments makes it more convenient for patients who live a long distance from a main medical centre. Its scarcity is its great. limitation.
GENERAL FEATURES. The problems of the ray treatment of exophthalmic goitre are closely related to the known facts and theories in connexion with the genesis and severity of the disease.
We take the modern view that exophthalmic goitre is an example of the vicious circle in disease. Thus the sympathetic nervous system by some means is roused to excessive action; this leads to stimulation of the thyroid gland, perhaps also of the suprarenal, by the secretion of which in turn the sympathetic nerves are again stimulated and their action accentuated, and so on. Ray treatment is given only to the thyroid gland, one part of the cycle, and a satisfactory inhibitory action on it removes one link from the circle without disturbing the nervous factor directly for good or for ill. But in the meantime the nervous system may and often does right itself with or without the aid of the physician. That recovery of the nervous condition, the primary process of the disease, may in a similar way result in the cure of the disease without radiation is clear, but the medical methods of dealing with part of the . disease seem often inefficient, and treatment of the thyroid gland by X-rays or radium is always a help. Facts mentioned later in this paper bear out and more than emphasize this last point.
If an active goitre is treated by a widespread irradiation which includes the anterior aspect of the neck and upper chest often the results seem better than those obtained by more local applications. This was first done with the idea of radiating the thymus gland and the superior cervical ganglion at the same time as the thyroid gland. However, the evidence that the thymus gland is really important in exophthalmic goitre is very slight, and the action of rays on the cervical ganglion, already probably a degenerating structure, is likely to be of JY-EL 5 little value. It seems more probable that widespread raying results in a bigger dose of rays getting to the thyroid gland through the larger skin area, thus bearing out the point already made that the bigger the dose the better.
The immediate effect of irradiation seems to be an inhibition of the secretory function of the gland and the pulse-rate will rise again after an interval if no further treatment be given. Prolonged treatment sets up a more permanent fibrotic process, so well seen by surgeons who attempt excision of part of the gland after prolonged X-ray treatment. This is possibly an exaggerated manifestation of the normal process of auto-recovery.
Severe cases of exophthalmic goitre usually follow a severe nervous cause. The thyroid gland is not necessarily greatly enlarged. Moreover it is possible that the quality as well as the quantity of thyroid secretion is changed. Removal of the thyroid factor may still in bad cases leave behind ameliorated, but still severe, nervous symptoms such as palpitation, exophthalmos, and indigestion or diarrhoea, though not usually the last. These symptoms, however, commonly abate a great deal as time goes on. It is in connexion with these cases that the interval of complete stoppage of both X-ray and radium treatment already mentioned is so useful. Here a warning may with advantage be uttered against too rigorous a rest and dietetic treatment being insisted upon in chronic cases, for it may engender in the patients' minds a feeling of depression and hopeless chronic invalidism hindering rather than aiding recovery. They should return as nearly as possible during that interval to normal life.
The most notable features to be observed in judging the progress of a case are as follows:
(1) The first sign of improvement is a feeling of well-being. This can usually be recorded by the end of the third week. The patient gains confidence and is anxious to continue treatment.
(2) The Pulse and Palpitation.-The pulse-rate as a rule, after a quick drop followed by a slight rise, gradually gets slower. It may fall as low as sixty beats per minute sometimes, but we have not seen a case of artificially produced myxoedema after even the most prolonged and severe treatment. If it is possible, and such cases are reported, it is obvious that the radiologist has an excellent method at command for stopping hyperthyroidism. Not infrequently some slight quickness in the rate of the pulse may remain, together with a little palpitation. Heart: The screen examination of a large number Section of Electro-Therapeuttics of hearts in exophthalmic goitre, and the estimation of the condition of the left ventricle by the triangulation method, point to permanent damage occurring in a number of cases. In mild cases the heart muscle maintains its tone, and there is little or no trouble with the cardiac condition after the hyperthyroidism is cured. In medium cases of long standing and in severe cases the heart muscle loses tone. The screen examination presents the typical appearance of the "lying down heart," the cardio-radiographic index increasing from the normal 7 to 14 mm. to 20 to 25 mm.
(3) Weight.-Thyroid secretion in association with the sympathetic nervous system increases katabolism greatly. Hence loss of weight is a prominent feature of exophthalmic goitre-failure to assimilate food is another factor. Examination of the intestinal tract by means of "the bism-uth meal " reveals no constant nor definite lesion beyond a marked "intestinal hurry " in certain cases. Increase in weight is the best indication of good progress towards recovery and with ray treatment it is often a remarkable phenomenon. In fact some patients justly complain of getting too fat, a sure sign that the katabolic processes are diminished and that food is better assimilated.
(4) The Sympvtoms.--No particular symptom or sign goes first but all gradually diminish except that exophthalmos is the last to go, or may be the only sign to persist in a virtually cured patient. When the thyroid enlargement is not of long standing it steadily grows smaller under treatment and after.
(5) Intercurrent infections and attacks of diarrhoea delay the favourable progress of a case.
(6) In all cases in which there is a definite focus of infection, whilst some improvement may be obtained by X-ray and radium treatment, no satisfactory progress will take place until the source of infection is remoyed.
(7) Blood Changes.-The red blood corpuscles and the haemoglobin index are normal except in those cases associated with secondary anaemia. There is little alteration in the total number of leucocytes, the tendency being towards a slight increase in our cases. Other observers state that a mild leucopaenia may exist. The differential blood count nearly always shows a diminution of the polymorphonuclear leucocytes and an increase of the lymphocytes. We do not find that it bears any definite relationship to the severity of the disease or to the progress of the case under treatment. 
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PROGNOSIS.
The matter of prognosis is unfortunately not in a very advanced or well-developed state. The definite facts that are ascertained from ourfigures are that mild cases do the best of any. Severe ones such as those brought up in a stretcher to the radiologist are often more spectacular and memorable in their progress, but the end results are certainly not as good as with mild cases. They come mostly into the "good functional" group in our statistical tables.
The most difficult to treat are those in which the exophthalmic type has developed in a case of old simple goitre. The treatment has to be prolonged and progress is often exceedingly slow but gradual improvement is the rule.
Acute toxic cases are hopeless and are best left alone. In the radium statistics there is one death (the only one) under the heading " not improved." It was a case of this type.
The prognosis in exophthalmic goitre will probably be best established in the future by a careful investigation of the facts that can be gathered relative to the state of each patient's general or special metabolism.
RESULTS (WITH STATISTICS).
In these figures " perfect " means that no symptoms or signs remain. " Good functional" that the patient can follow an ordinary, not too arduous life. " Improved" indicates that the patient is undoubtedly better than when the treatment was begun-i.e., there is less palpitation, the pulse-rate is diminished, and there is an increase of weight. The number of cases in which the patients have " abandoned treatment" is very small and includes military patients. and those who have moved from Manchester.
It is a noteworthy fact that-patients suffering from exophthalmic goitre flock to X-ray and radium departments and persevere with their treatment until discharged.
These tables are for a series of a hundred consecutive cases treated. by X-rays, and in the case of radium comprise the first hundred treated in Manchester:- We realize that the personal factor is a varying one in the estimation of results. The X-ray cases are private patients, the radium cases mostly hospital patients.
GENERAL CONCLUSIONS.
Before the use of X-rays and radium became established physicians always gave a very guarded prognosis when these patients came under their care. They claim a certain number of cures by purely medicinal treatment. This no doubt may be so in some cases, but there are few statistical records from the conclusions of which outsiders can form a just estimate. But the general care of a skilled physician is invaluable to the patient and helpful and stimulating to the radiologist.
The surgical method of treatment may produce brilliant results, but there are drawbacks to it. First of all comes the 2 to 4 per cent. operation mortality experienced by the most skilful specialists. Secondly, surgeons of experience do not claim that one operation even of partial thyroidectomy is certain to be efficient. It is always possible that it may extend to three. Post-operative cases frequently come under the care of the radiologist. # In the matter of extended observations on the progress of cases of exophthalmic goitre the surgeon is at a disadvantage not so much experienced by radiologists. When his cases have been operated upon the patients again become dispersed over the country, but the radiologist sees his regularly over a period of years.
In conclusion we do not think that there is evidence that any treatment of exophthalmic goitre gives such safe, uniform and promising results as irradiation of the thyroid gland.
DISCUSSION.
Dr. FRED BAILEY (Brighton): During the past ten years, at the Royal Sussex County Hospital, patients have been regularly sent to the X-ray department there, for X-ray treatment of exophthalmic goitre. The routine treatment I have given has been that of using a tube having an equivalent spark gap of 8 in., equal to about 9-10 Wehnelt, at 10 in. from the right side of the neck (anticathode distance). A filter of 4 mm. aluminium and two layers of tungstate lint, the latter lying on the skin, are used. The time dose is 3 ma. for ten minutes twice a week. Originally, we tried to work with the Sabouraud measurement, but reverted to the time method. The question that appears to me to be yet in doubt is whether the Sabouraud measurement gives an accurate measurement of the amount of hard X-rays, as it does of the soft rays. It has not seemed to me to do so, therefore Sabouraud measurement between the anticathode and the filter would not be an accurate method; also, is it an accurate measure of the hard rays on the skin side of the filters ? I doubt it. Is not a milliampere-minute measurement as accurate as the Sabouraud ?. I should like to hear the opinion of the writers of the papers on this point. Our principle has been to use such hard rays as would not produce dermatitis-as they would be too penetrating-and to use as much of them as the time of the department would allow. We do not, of course, have any skin effect except very occasionally a gradual slight browning, and we stop when a definite diminution of the circumference of the neck is becoming apparent. Most cases are benefited, but those patients improve more quickly who are taking a dose of 5 minims of tinct. iodi and 1 dr. of sodii phosphate three times a day than those who are having other mixtures such as digitalis, &c. But, irrespective of the other agents in the treatment of the disease, such as medicine, rest, freedom from worNy, &c., I feel sure that X-ray application has definitely reduced the time needed to improve or cure our cases. The number of treatments of exophthalmic goitre cases at the hospital per week now averages about twenty-five, this being an equivalent to about half the number of patients.
Some doubt was raised as to whether any appreciable amount of X-rays got through when the thick filter was used; we found, however, that, in using the same procedure for our breast-cancer patients, if a fluorescent screen was held at the back of the patient, it lit up strongly, although hardly any definition of the ribs could be made out on account of the hardness of the rays. I am not sure about this, but I think it took about sixty minutes to darken a Sabouraud pastille fully when exposed under the 4 mm. of aluminium and two layers of tungstate lint. That is, it was turned after being exposed under six patients.
Dr. HERNAMAN-JouNsoN: There is some risk of the work of the older electro-therapeutists being forgotten. Long before the advent of X-rays very fine results in the treatment of exophthalmic goitre were often obtained by such simple means as galvanism and faradism. As to the possibility of the production of telangiectases by X-rays, and the impossibility of certainly preventing them, however rare they may be, it is little consolation to the individual victim-the 10,000th case-to know that 9,999 have escaped. Therefore, if we can produce equal benefit with less radiation in the treatment of exophthalmic goitre we ought to use less. My experience is, that by the use of various electrical modalities as an adjunct, it is possible to reduce the X-ray dosage by quite 50 per cent., as compared with what would otherwise be necessary. Moreover, certain distressing symptoms of the disease can often be dealt wvith successfully by electrical procedures. The size of the goitre is often more affected by galvanism than by X-rays. Exophthalmos can be influenced to some extent by the use of interrupted currents to the back of the neck, and these produce a feeling of well-being in the patient. When headache, sleeplessness and nervous symptoms in general are pronounced, cerebral galvanism has a distinctly soothing effect, the positive pole being applied to the forehead. As to measurement of X-ray dosage, I agree with Dr. Bailey that the distance-filtration (aluminium)-milliamperage-spark-gap system is the best available at present. For repeating doses with a given apparatus under fixed conditions it is very accurate; and its general applicability would be enhanced if radiologists could be got to adopt standard ball electrodes for spark-gap measurement.
On the Examination of Patients by Means of Ultra-violet
Radiation.
By J. C. MOTTRAM and S. Russ.
IN the Proceedings of the Physical Society of London, vol. xxxi, part 4, there appeared a short paper entitled, " A Demonstration of the uses of Invisible Light in Warfare," by Professor R. W. Wood. He obtained invisible radiation by screening a mercury arc with a piece of glass of his own composition. This glass is practically opaque to light, but allows a considerable amount of ultra-violet radiation to pass through it. A similar glass is made by Messrs. Chance Bros. Our observations have been much facilitated by the courtesy of Professor Wood and of Messrs. Chance Bros. in giving us pieces of the black glass, for the composition of which they are individually responsible. The degree of transparency of the glass to ultra-violet radiation depends considerably upon the thickness used. The accompanying photograph (see figure) , taken with a quartz spectrograph using a copper arc, shows that the main wave-lengths of the radiations to which the glass is transparent lie between 3,100 to 3,900 AO.U. It is also
